In economic analyses of asymmetric information, better-informed agents are assumed capable of reproducing the judgments of lessinformed agents. We discuss a systematic violation of this assumption that we call the "curse of knowledge." Better-informed agents are unable to ignore private information even when it is in their interest to do so; more information is not always better. Comparing judgments made in individual-level and market experiments, we find that market forces reduce the curse by approximately 50 percent but do not eliminate it. Implications for bargaining, strategic behavior by firms, principal-agent problems, and choice under uncertainty are discussed.
allocations, effectively reducing or eliminating market-level effects even if many agents are biased.
We test arguments 1-3 by using market experiments to see whether financial incentives, learning from feedback, and market forces make the curse of knowledge disappear. We find that feedback alone has little effect, while market forces reduce the magnitude of the curse by approximately 50 percent. After describing the experiments and results, we return to the central question of how these judgment biases might affect economic settings.
Our experiments are one example of empirical efforts to determine whether violations of normative theories of judgment and choice, typically found in psychological studies, tend to persist in economic settings (e.g., Camerer 1987 
II. Formal Representation of the Curse of Knowledge
By expressing the curse of knowledge formally, we shall see that it violates a normative rule-the "law of iterated expectations"-much as choices violate the normative model of expected utility theory (Machina 1987; Weber and Camerer 1987 ) and probability judgments violate normative principles such as Bayes's rule and the conjunction rule (e.g., Kahneman, Slovic, and Tversky 1982). Call the random variable being forecasted X. If X is a discrete event, then it has the value zero or one. Forecasts of X depend on the information set available to the forecaster. Assume that there are two information sets Io and II, where Io is a subset of II. A forecaster with information set I, knows everything that the forecaster with information set Io knows, and more.3 Denote the optimal forecast of X given the information set Io by E(X1IO). We are interested in forecasts of forecasts, which are useful when agents need to forecast behavior of other agents. An agent with information set I, who forecasts the forecast of an agent with information Io is estimating E[E(X1I0)1I11].
The law of iterated expectations states that if I, includes Io, then
E[E(X1I0)1I1] must equal E(XIIo) (Chow and Teicher 1978, p. 204).
Better-informed agents should ignore their additional information when forecasting the forecasts of less-informed agents. When the 1235 curse of knowledge occurs, the forecaster with information I, overestimates the scope of Io. Formally, the curse of knowledge means that
E[E(X|Io)|I1 ] is not equal to E(X|IO), but is somewhere between E(X|Io) and E(X|II). A simple model we test in our experiments is E[E(XI0)1I11] = wE(XIIi) + (1 -w)E(XIIo). (1)
If w = 0, an agent is applying the law of iterated expectations correctly. If w = 1, agents who know II think that all other agents know II too. The parameter w thus measures the degree of curse of knowledge.
III. Experimental Design
The market experiments consisted of two stages. In the first stage we collected predictions of eight actual companies' earnings from 51 Wharton students. In the second stage, conducted 2 months after the first, we informed a second group of subjects of the actual earnings and had them trade assets that paid a liquidating dividend equal to the predictions of the first group. This second group knew that the asset dividend was determined by the first group's predictions, but they did not know the exact amount of the dividend. For the sake of credibility, the companies' names were not disguised. However, no well-known companies were selected, and there was no evidence that any subject knew any company well enough to recall any details of its history other than those given in the report. These data were collected as a classroom exercise in a quantitative methods course. As an incentive for accuracy, subjects were paid $1.00 for each estimate that was within 10 percent of actual 1980 earnings. 4 Value Line issues reports used by investors to assess future earnings potential of companies. 5 Most market experiments involving uncertainty rely on random probability devices such as bingo cages or dice. These devices are used because experimenters wish to control subjective probabilities as tightly as possible. Since our study is specifically focused on differences in subjective probability, we used natural stimuli that permit such differences instead of using bingo cages or dice. In the second stage, market experiments 1-2, the subjects were groups of nine Wharton students who had participated in other market experiments.6 Instructions were read aloud. The experiments consisted of eight identical markets, one for each of the eight companies. Markets were split into two periods, the A and B periods.
The chronological sequence of steps in the market experiment is summarized in figure 1. At the beginning of each period, these "informed subjects" were endowed with two assets and $50 in cash, which had to be repaid at the end of the period (along with a $3.50 "tax"). They could trade these assets to others7 in a double-oral auction8 or keep them. At the end of the B period for a particular company, subjects received a dividend for each asset they held at the end 6 These subjects knew from their earlier experience that our experiments do not involve any form of deception and that all rewards would be delivered as claimed. Their experience with trading also reduced the noise in market behavior created by inexperienced subjects.
7 Subjects could also sell assets short by "creating" assets and paying dividends for assets created. Short selling increases market discipline because if the curse of knowledge causes prices to be too high, unbiased traders can discipline biased traders by selling more units than they are endowed with.
8 Buyers and sellers shouted out bids or offers at which they were willing to buy or sell. When a bid and offer matched, a trade took place; previous bids and offers disappeared. All bids, offers, and trades in a current period were recorded on a transparency shown on an overhead projector for subjects to see. No record of previous periods was posted. The A and B trading periods were each 4 minutes long. of each of the A and B periods. After the dividends were paid, the assets expired worthless.
The dividend amount was equal to the mean earnings prediction of subjects in the first stage of the experiment. In the notation used earlier, the value of assets was E(1980 earningslIo), where Io was the information given to the first group of Wharton students. Subjects in the market stage of the experiment saw exactly the same Value Line reports that subjects had seen in the first stage except that the blank box in the upper right-hand corner was filled in with the actual 1980 earnings. Therefore, the subjects in the market experiment had information II, which included Io9 and the actual 1980 earnings. Because the assets paid a dividend of E(1980 earningslIO), the subjects in the market experiment had to estimate E[E( 1980 earningsIo)|II ]. If these subjects suffer from the curse of knowledge and market forces do not erase it, market prices will be biased away from E(1980 earningslIO) in the direction of E(1980 earningslIl) (which is simply the 1980 earnings).10
In addition to trading assets, market subjects also estimated the first group's predictions at three points: before the A period, between the A and B periods, and after the B period. They earned 25 cents for each response that was within 10 percent of the first group's mean prediction.
The traders in these markets are like investment banks who underwrite issues of corporate securities. Underwriters compete for securities they sell to investors who know less about the true value of the issues than they know (because underwriters typically have access to detailed information beyond that included in the public prospectus). To price the issue correctly, underwriters must ignore the extra information they have. To price the assets in our experiments correctly, traders must anticipate the judgments of a "public" (the uninformed subjects) that knows less than they do. Instead of selling assets directly 9 Of course, we cannot be certain that Io is a subset of Il because different subjects participated in the two parts of the experiment and the experiment was conducted after 1980. However, subjects were drawn from a common pool of students with homogeneous education, and there was no evidence that the two groups had different knowledge about company earnings. to the public, as underwriters do, they exchange the assets for a dividend determined by the public's judgment.
IV. Experimental Results
First we describe the results of the market experiments. Then we contrast judgments that subjects made during the market experiment with judgments made by individuals outside of a market setting. Notice that the no-bias prediction is sometimes above the pure-bias prediction and sometimes below it, so risk aversion that lowers prices will not favor one prediction over another. Several effects are apparent in the data. Judgments and prices are close together, as one would expect. Prices generally begin between the pure-bias and no-bias predictions and move away from the purebias prediction slightly. There were an average of 12.8 trades per period, including 5.8 short sales.
Market Prices

Equilibrium Prices
The equilibrium price that a time series of trade prices is converging toward can be assessed by estimating a simple partial adjustment model (see Camerer 1987) . Regressions show that equilibrium prices are between the pure-bias and no-bias predictions, as figures 2 and 3 suggest (details are available from the authors). There is little varia-tion in the time series of prices, so the estimates are extremely precise; standard errors are typically a penny or two. We can strongly reject both the no-bias (w = 0) and pure-bias (w = 1) hypotheses.
Movements in Prices and Judgments
By including a dummy variable for B periods in equilibrium price regressions, we can tell whether the degree of bias shrinks between periods A and B. When three companies for which bias could not be measured were excluded, bias was smaller in period B than in period A for 11 of 13 comparisons (significant at the 10 percent level in four comparisons) and larger in two of 13 comparisons (both significant).
We can also ask whether the judgments that market subjects made about E(1980 earningsIlo)-before the A period, between the A and B periods, and after the B periods-differed because of their market experience. In 54 percent of the cases, judgments did not change at all or moved toward or away from both predictions. In the remaining 131 cases, 83 (63 percent) indicated a reduction in bias and 48 (37 percent) indicated an increase in bias. (These fractions are different from 50 percent at the 1 percent level.) Market experience does reduce bias.
Judgments under Incentives, Feedback, and Markets
Markets occupy a special place in economics, but to a psychologist market forces are simply another "treatment variable," akin to incentives, instructions, education, and so forth. We can test the impact of market experience as a treatment variable by comparing the judgments made by individuals in the market experiments (market condition) with judgments made by other subjects who were given incentives but no feedback (incentives condition, n = 19) or incentives and feedback (feedback condition, n = 13).
The subjects in the incentives and feedback conditions were University of Chicago MBA students. Their judgment task was the same as the judgment task of subjects in the market experiments: knowing actual 1980 earnings, they were asked to guess the mean prediction of the uninformed subjects who had predicted 1980 earnings previously. They earned $1.00 if their judgment was within 10 percent of the actual mean prediction. In the feedback condition, subjects were told the actual mean prediction of the uninformed subjects after each guess.
To compare degrees of bias, it is useful to convert subjects' judg- There is no difference between the biases of subjects in the incentives and feedback conditions; feedback apparently did not reduce bias.'2 Therefore, we pool data from subjects in the incentives and feedback conditions. Figure 4 shows the mean degree of bias among subjects in the incentives and feedback conditions (labeled "individual judgments") and the mean degree of bias in judgments made after period B of the market experiments (labeled "marketjudgments"). The t-statistics below each company's name test whether the two mean biases are equal. Individuals in both conditions exhibit some positive degree of bias, but the market reduces bias by about half. (The reduction is signifi-" To be sure that uninformed subjects could guess other uninformed subjects' estimates without bias, two groups of Chicago subjects were asked to guess the uninformed group's mean prediction without knowing the actual 1980 earnings. One group got feedback (n = 14) and one group did not (n = 17). Their judgments were randomly distributed around the judgments of the uninformed Wharton subjects.
12 For the eight companies, the t-statistics comparing incentive group and feedback group means were 1.6, -0.4, 2.9, 0.3, -1.9, -1.3, and 0.6 (a positive number means that feedback group subjects show less bias). cant at 5 percent for three of eight companies.) With more than two trading periods per company, the market might reduce bias even further.
How Does the Market Reduce Bias?
Market experience clearly reduces bias more than individual judgment tempered by incentives and feedback. Why? A common argument is that markets correct irrationalities because more rational traders drive less rational traders into bankruptcy or somehow correct the errors of less rational traders. Since traders are unlikely to go bankrupt in these experiments, the latter explanation is more natural: perhaps less biased subjects trade earlier or more often, thus signaling their information to more biased subjects.
The process we have in mind is analogous to models of information aggregation in which uninformed traders can infer the information of insiders from their trading activity (e.g., Grossman 1981; Plott and Sunder 1982). In our experiments there are no true insiders because everyone receives the same information. However, less biased traders are like insiders because they are better informed about the true value of the assets.
For the information aggregation analogy to apply it is essential that subjects have enough self-insight to know whether they are more or less biased than others. (If all traders think that they are the least biased, the most biased will trade as often as the least biased.) To measure self-insight, after the experiment'3 we asked subjects to predict their ranks, relative to the other traders, in (i) trading profits and (ii) earnings from predicting the uninformed group's estimates accurately. Subjects earned $2.00 if their predicted rank exactly matched their actual rank.
Rank-order correlations between predicted and actual ranks in the two experiments were (i) .99 (p < .005) and .60 (p < .04) for trading profits and (ii) .58 (p < .05) and .78 (p < .01) for earnings from judgments.'4 Since these ranks were measured after the experiment was over, the correlations probably represent upper bounds on selfinsight, but they are rather large nonetheless.
The substantial correlations indicate that less biased traders seem to know who they are. Were they also more aggressive? To find out, we can rank traders according to the degree of bias evident in their initial 13 We asked for ranks after the experiment because doing so before trading began gives them an incentive to achieve their rank, possibly by trading unprofitably.
14 The rank-order correlations between ranks in judgment profits and ranks in trading profits were .39 and -.03 in the two experiments. Estimating the dividend accurately is apparently not a strong predictor of trading profit. seem to know that they are less biased, and they take actions more often than more biased traders do.
Our objective has been to test whether incentives, experience, and market forces reduce or eliminate the curse of knowledge. The experimental data suggest that incentives and feedback do not reduce the bias, but market forces do. Of course, our subjects have less incentive and experience than professionals because they earn less money and train for hours, not years. But the available laboratory evidence suggests that very large incentives and extensive training do not improve learning much.'5 Furthermore, our subjects' incentives and learning experience are intense and compacted; they may learn better in a simple laboratory task than professionals can in a noisy natural environment.
V. Implications for Economics
There are at least two major economic situations in which the curse of knowledge may be important. The first is the classic case of asymmetric information (as discussed in the Introduction); the second occurs when agents gain information over time and then try to recall what they or others previously believed (hindsight bias).
Asymmetric Information
Often agents have private information about their characteristics (causing adverse selection) or actions (causing moral hazard) that lessinformed agents lack. Most theoretical analyses of such situations focus on less-informed agents' attempts to learn the private information or create contracts that minimize efficiency losses from the information asymmetry. Implicit in such analyses is the assumption that better-informed agents can optimally exploit their informational advantage. Our data and earlier studies (Ross, Greene, and House 1977; Nickerson, Baddeley, and Freeman 1987) suggest that this simulation is difficult; better-informed agents do not fully appreciate the informational advantage they possess. For example, in bargaining, one agent may know the size of the amount being divided while the other does not. However, to fully exploit their advantage, they should make the same offer regardless of the amount to be divided (Myerson 1986 ). But agents actually offer more when the amount to be divided is larger (Forsythe, Kennan, and Sopher 1987; cf. Banks, Camerer, and Porter 1988). Agents are unable to act "inscrutably"; they cannot ignore their better information when they should.
The curse of knowledge may also influence strategic behavior by firms. Firms often do not know how many other firms compete with them. Knowing the information and reasoning that motivate their own ventures and exaggerating the degree to which the rationale is shared, businesses may tend to overestimate the amount of competition (i.e., firms act like price takers when they are not). During the silver bubble of the 1980s, one broker abandoned the business of buying coins and selling bullion and the bid-asked spread between coins and bullion rose dramatically. The futures-stock spread rose similarly when many index futures arbitrageurs left the business after the October 1987 stock market crash. In both of these examples, firms did not seem to realize how profitable spreads would be after they left, as if they underestimated their own influence in the market.
Perhaps the setting closest in structure to our market experiments is underwriting, in which well-informed experts price goods that are sold to a less-informed public. Investment bankers value securities, experts taste wines, store buyers watch clothes being modeled, and theater owners see motion pictures before they are released. They then sell those goods to a less-informed public. If they suffer from the curse of knowledge, high-quality goods will be overpriced and lowquality goods underpriced relative to profit-maximizing values; prices will reflect characteristics (e.g., quality) that are unobservable to uninformed buyers.
The curse of knowledge has a paradoxical effect in these settings. By making better-informed agents think that their knowledge is shared by others, the curse helps alleviate the inefficiencies that result from information asymmetries, bringing outcomes closer to complete information (first-best) outcomes. In such settings, the curse on individuals may actually improve social welfare.
Hindsight
The second economic situation in which the curse of knowledge may operate is when agents accumulate information over time and must attempt to reconstruct their earlier perspective. The analogue to the tendency to overestimate the knowledge of less-informed agents is a tendency to exaggerate what one knew before, when one was less informed. This has been called "hindsight bias" (Fischhoff 1975 ). When one looks backward, events seem to have been more predictable than they were. For instance, public discussions of medical cases make doctors think that diseases were easier to diagnose than they actually were (Dawson et al. 1986 ).
This exaggeration interferes with the evaluation of decision quality. Outcomes are an imperfect indicator of decision quality; good deci-sions can lead to bad outcomes and vice versa. But principals must often judge decisions of agents on the basis of outcomes because actions or decision criteria are unobservable (Ross 1973; Jensen and Meckling 1976) . The curse of knowledge suggests that outcome information will be overused; principals will tend to think that ex ante optimal decisions with unfavorable outcomes were nonoptimal and that nonoptimal decisions with favorable outcomes were optimal (Baron and Hershey 1988). As a result, agents will be excessively penalized for negative outcomes and insufficiently rewarded for favorable results.
Although the principal and agent can contract today to avoid tomorrow's hindsight bias,'6 when contracts are implicit, hindsight bias will cause a principal to recall the terms of yesterday's contract incorrectly (see, e.g., Fischhoff and Beyth 1975 As with all judgment errors by individuals, the curse of knowledge may not persist in a competitive market. To examine the effect of the market we ran a series of experiments in which better-informed subjects predicted the judgments of less well informed subjects. The curse of knowledge suggests that informed subjects will be unable to ignore the information they have that the uninformed subjects lack, causing a bias in their predictions. We found that bias in markets was half as large as bias in individual judgments. Our data suggest that the error-correcting power of markets derives not from the feedback they provide, but from the disproportionate activity of more rational traders.
Appendix Instructions for Market Experiment and Experimental Materials
General This is an experiment about decision making in a market. Various research foundations have provided funds for this research. The instructions are simple, and if you follow them carefully and make good decisions, you can earn a considerable amount of money which will be paid to you in cash.
In this experiment you will buy and sell certificates in a series of market periods. Each period consists of two sessions, session A and session B.
Specific Instructions
Your market profits come from two sources-from collecting dividends on all certificates you hold at the end of each market session and from buying and selling certificates during the market session. During each session you are free to buy and sell as many certificates as you wish provided you follow the rules below.
For each certificate you hold at the end of a session you will earn a specific dollar amount (a "dividend"), which will be announced at the end of each market period. This amount will be recorded on row 11 of the Information and Record Sheet [see fig. Al ] for each market session. The method by which the dividend is determined in each period is explained later in these instructions.
You will calculate your total certificate earnings for a session by multiplying the dividend per certificate by the number of certificates held. That is, number of certificates held x dividend per certificate = total certificate earnings. 
Information about Dividends
The dividends that the certificates earn are related to a financial report about an actual company, written by a financial reporting service called Value Line. In each market period, a different company report will be used to determine the dividend. We will refer to each period by the company report which determines the dividend for that period-for example, the Angelica Corp. period.
The excerpted On the excerpted reports that you see, you will also be told a fifth piece of information-the company's actual earnings per share for 1980. Earlier this week, we showed the excerpted Value Line report that you will see to a number of Wharton students, much like yourselves. The only difference is that the students were not told the fifth piece of information, the company's actual 1980 earnings per share. The other group of students were asked to predict the actual earnings per share in 1980. Students were paid $1 if they were within 10% of the true earnings. We calculated an average of their predictions for each company by adding up all their predictions and dividing the total by the number of predictions. We will call this average prediction "the other group's prediction." The other group's prediction of 1980 earnings per share will determine the amount of dividend that certificates will earn. For example, suppose the average prediction of 1980 earnings per share-by students who did not know the actual earnings-was $1.27. Then for each certificate you hold, you will earn a dividend of $1.27. For each certificate created, $1.27 will be deducted from your earnings.
Estimating the Other Group's Prediction
Before each trading session, you must make an estimate of the other group's prediction. Write these estimates on the top of your Information and Record Sheet. You should also make an estimate of the other group's prediction at the end of session B. After the market period is over, we will announce the other group's prediction. For each of your estimates which are within 10% of the other group's prediction, you will earn $0.25 (twenty-five cents) in addition to your earnings from the markets.
Sessions within Market Periods
In each market period there are two sessions, A and B. One company's excerpted Value Line report will be used for both the A and the B sessions in a single market period. We will only announce the other group's prediction (i.e., the dividend which certificates will earn) at the end of session B, which also concludes the market period.
At the end of session A you can record your holdings of dollars and certificates, but you cannot calculate your profits because you will not be told the dividend until the end of session B. Therefore, after we announce the dividend at the end of session B, you can return to your session A Information and Record Sheet and record your dividends and calculate your profits from session A.
Trading and Recording Rules 1. All transactions are for one certificate at a time. After each of your transactions you must record the transaction price, in the "purchases" column if you bought a certificate or in the "sales" column if you sold a certificate. Your first transaction in a session is recorded on row 1 of that session's Information and Record Sheet, your second transaction is recorded on row 2, and so on. After each transaction you must calculate and record your new holdings of certificates and your new amount of dollars on hand. Your holding of dollars may never go below zero.
2. If your holding of certificates goes to zero and you create certificates, the number of created certificates will be recorded as a negative number of certificates held. For instance, if you sell all your certificates, then create three certificates, your certificate holding will be -3. If you buy certificates after creating certificates, then your purchase reduces the number of certificates created. If you created three certificates, so that your certificate holding is -3, and you buy two certificates, then your new holding of certificates is -3 + 2, or -1. If you have created more certificates than you began with and bought, your amount of certificates will be negative at the end of the period, so your dividends (recorded in row 12) will be negative.
3. At the end of the period, record your total certificate dividends in row 12. At the end of the period, add dividends earned on row 12 to your dollars on hand, and write the total in row 13. Subtract the "fixed cost" of $53.50 from this total, and write the difference in row 14. This is your profit for the market session and is yours to keep. At the end of each market period, record this number on your Profit Sheet.
4. At the end of each market period, after we announce the other group's prediction, you can evaluate whether your estimates were within 10% of the other group's prediction or not. For each estimate which is within 10%, you earn $0.25. These earnings should also be recorded on your Profit Sheet.
5. At the end of the experiment add up your total profit from the market period, and enter this sum on row P1 of your Profit Sheet. Add up your earnings from estimating the other group's prediction, and write this total in row P2. Add the profits in rows P1 and P2, and record the total in row P3. The experimenter will pay this amount of money in cash at the end of the experiment.
Market Organization
The market will be conducted in a series of periods. Each trading session will last 3 minutes. Anyone wishing to purchase a certificate is free to raise his or her hand and make a verbal bid to buy one certificate at a specified price, and anyone who is willing to sell or create a certificate is free to accept or not accept the bid. Likewise, anyone wishing to sell a certificate is free to raise his or her hand and make a verbal offer to sell one certificate at a specified price. If a bid or offer is accepted, a binding contract has been closed for a single certificate, and the contracting traders will record the transaction on their Information and Record Sheets. Bids and offers may not be removed after they are recorded. Any ties in bids or acceptances will be resolved by random choice. There are likely to be many bids and offers that are not accepted, but you are free to keep trying. You are free to make as much profit as you can. Except for the bids and offers and their acceptance, you are not to speak to any other subject about the experiment.
